Abstract Middle ear ossicular reconstruction is a challenging task for any otologist. Over a period of time, surgeons have tried various types of materials as ossicular prosthesis with varying amount of success. In the last decade, numerous studies have been conducted that have proved that titanium prosthesis is biocompatible. We have conducted this study to investigate the efficiency of titanium middle ear prosthesis (Eon Meditech Pvt. Ltd.) in tympanoplasty. Nineteen patients who underwent tympanoplasty with titanium prosthesis placement from January to October 2010 were included in the study. Fifteen patients underwent reconstruction using titanium PORP while four patients required titanium TORP. The average follow up period was 11.1 months. The pre-operative and post-operative PTAs and the closure of the air-bone gap (ABG) at 0.5, 1, 2, 3 KHz (as per the AAO-HNS guidelines) were analyzed. As per the Indian speech and hearing association (ISHA) guidelines, the patients were classified into groups based on the amount of hearing loss. The improvement in the mean PTA (AC) was 16.21 dB in the PORP group while it was 20.47 dB in the TORP group (P value \ 0.05). According to ISHA guidelines, 18 out of 19 (94.8%) patients had either a normal hearing or a mild hearing loss post-operatively. The overall success rate (post-operative ABG B 20 dB) of this series is 68.4%. In this series, there has been no extrusion of the prosthesis. Titanium prosthesis is delicate, easy and quick to handle. They are efficient and suitable implants for middle ear ossicular reconstruction. The use of cartilage between the prosthesis and the graft helps to prevent extrusion of the prosthesis.
Introduction
The aims of tympanoplasty are to eradicate disease from the middle ear, to provide a dry ear and to improve hearing. While the first two objectives have been achieved consistently by most surgeons, hearing improvement often continues to be a challenge in quite a few cases. The middle ear ossicles are the key to a functional middle ear. More than half of chronic middle ear diseases are reported to have ossicular involvement [1] .
There are a variety of materials to choose from when performing ossicular reconstruction, including autogenous tissues and alloplasts. A literature search revealed that of all available materials, hydroxyapatite (HA) was the most commonly used in the last decade [2] . However, long-term studies for HA alloplasts have reported an extrusion rate of 5-15% [3, 4] . Present evidence indicates that titanium has a greater ability to transmit sound than the heavier HA [5] . This material is biocompatible, delicate and easy to handle [6] . Its use in reconstruction of the ossicular chain during middle ear surgery has been increasing [7, 8] . The use of titanium ossicular prosthesis was first reported by Stupp et al. in 1999 [9] , and later reports have shown success rates (ABG less than or equal to 20 dB) ranging between 57 and 77% [10] [11] [12] [13] [14] . We would like to report our results using titanium middle ear prosthesis.
Materials and Methods
A prospective study was performed at our institute from January 2010 to October 2010 to evaluate the efficiency of titanium middle ear prosthesis in ossicular chain reconstruction. All patients with chronic suppurative otitis media [CSOM] (mucosal variety) who had an ossicular chain discontinuity detected during surgery were included in the study. Patients with a squamous type of CSOM and those with sensorineural type of hearing loss were excluded from the study. All the patients underwent a tympanoplasty (canal wall-up procedure) with the use of titanium middle ear prosthesis. The data includes 19 patients (7 males, 12 females) ranging from 14 to 50 years of age. The overall follow-up period ranged from 6 to 15 months (mean-11.1 months). Pure tone audiogram of all patients was performed a day prior to surgery and then at regular intervals after surgery (1 month, 3 months, 6 months and 1 year).
The patients underwent a tympanoplasty by either a post-aural or endaural approach (as per the preference of the operating surgeon). The tympanic membrane was grafted using either temporalis fascia or tragal cartilage with perichondrium. Depending upon the intra-operative finding, either the Tita-prosthesis type Partial Vario Campana [for partial ossicular reconstruction (POR)] or the Tita-prosthesis type Total Vario Cask [for total ossicular reconstruction (TOR)] was used [Eon Meditech Pvt. Ltd., India] (Fig. 1) . In all cases, cartilage was placed between the prosthesis and the tympanic membrane graft in order to minimize the risk of extrusion of prosthesis.
During surgery, when the stapes suprastructure was present, the titanium POR prosthesis (PORP) was used, while when only the stapes footplate was present, the titanium TOR prosthesis (TORP) was used. The round window reflex was elicited to ensure mobility of the remnant of the ossicular chain before deciding to use the prosthesis. The hearing assembly created in either case was independent of the malleus and the incus. The position of the prosthesis was in the postero-superior quadrant of the tympanic membrane in alignment with the stapes so that all incident sound energy is transmitted to the stapes. Care was taken to ensure that the prosthesis was only in contact with the overlying cartilage and the underlying ossicle and that no part of the prosthesis was in contact with any other middle ear structure. The tensor tympani tendon was divided in patients in whom the handle of malleus was medialised in order to increase the middle ear space. After placement of the prosthesis, the round window reflex was elicited once again to confirm the adequacy of contact between the prosthesis and the ossicular chain remnant and to ensure the stability of the prosthesis.
Pure tone audiograms were performed 1 month, 3 months, 6 months and 1 year after surgery. The data was compiled and analyzed with regards to the pure tone average (PTA) of air conduction and the air-bone gap.
Comparison of pre-operative and post-operative pure tone averages of air conduction (AC) and air-bone gaps (ABGs) was performed at frequencies recommended by AAO-HNS (0.5, 1, 2, 3 kHz) [15] . The most recent post-operative audiogram of the patient was considered for comparison to the pre-operative audiogram.
The following parameters were calculated: The Indian speech and hearing association (ISHA) guidelines were used to assign the degree of hearing loss for each patient and they were grouped as follows:
• 0-25 dB: Normal hearing 
Results
The salient features of the study group have been summarized in Table 1 .
The average hearing loss of the patients and the postoperative hearing gain are shown in Table 2 . The pre and post operative mean PTA (AC) was analyzed using the Student t test. There is a significant improvement (P value \ 0.05) in the post-operative PTA as compared to the pre-operative values. When the hearing gain between the PORP and TORP group was compared, the difference was not found to be significant.
As per AAO-HNS guidelines, successful outcome is defined as closure of post-operative AB gap by B20 dB. We have divided our patients into three groups on the basis of the AB gap (B20 dB, 21-25 dB, [25 dB). The preoperative and post-operative AB gap of the patients is summarized in Table 3 .
The pre and post-operative ABG was analyzed using the Chi square test. Post-operatively 13 out of 19 (68.4%) patients had a closure of the ABG B20 dB. This was a significant reduction (P value \ 0.05) as compared to the pre-operative values.
The patients were classified based on the amount of hearing loss as per the ISHA guidelines (Table 4) . On analyzing the results using v 2 test, a significant change (P value \ 0.05) was found between the pre-operative and post-operative data.
Discussion
Over the years, numerous materials have been used for ossicular reconstruction, but none of them has shown to give consistent results. Titanium has been proven as the most light weight and biocompatible material amongst all the allogenic materials used for ossicular reconstruction [16, 17] . Various studies have reported the success rate of titanium prosthesis between 57 and 77% with an extrusion rate up to 5%.
Previous studies published in literature [18, 19] have used the Spiggle-Theis titanium prosthesis (Micromedics Inc., Eagan, MN), the Tuebingen Type VARIO prostheses (Kurz GmbH) or the Micron All Titanium Monolithic prosthesis (Gyrus ENT LLC) for ossicular reconstruction. We have evaluated the efficiency of a new brand of titanium prosthesis manufactured by Eon Meditech Pvt. Ltd. (India) for ossicular chain reconstruction. Our early experience with this prosthesis has revealed encouraging results.
In this study, we have included only those patients who underwent a tympanoplasty and not a canal wall down mastoidectomy. Although a few previous studies [14] did find a difference in the hearing outcome between using a PORP and a TORP, we did not find a significant difference in our series. As a larger database of these patients develops, we may be able to determine whether the difference in the hearing outcome between using a PORP and a TORP is significant or not. Overall we were able to achieve closure of the ABG \ 25 dB in almost 90% (17 out of 19) of our patients.
In order to objectively assess our results, we have used guidelines (Indian Speech and Hearing Association) to quantify the hearing loss of our patients. We had seven patients who had a central perforation and a mild hearing loss pre-operatively (26-40 dB). However, during surgery, 6 of those patients had a necrosed long process of incus and a normal and mobile stapes, while 1 patient had a necrosis of the long process of incus as well as the stapes suprastructure and only had a mobile stapes footplate. Hence, ossicular chain reconstruction was performed in these patients. Post-operatively, almost 95% (18 out of 19) patients have normal hearing to a mild hearing loss, while one patient has a moderate hearing loss. This patient had undergone a tympanoplasty with TORP placement and has had a hearing gain of 20 dB. In our series, we have not encountered any extrusion of the prosthesis. This is due to the fact that cartilage has been interposed between the prosthesis and the graft material. We have also not encountered any complication such as sensorineural hearing loss in our patients. Overall, we have achieved a success rate of 68.4% which is comparable to the other series that are published in international literature.
Key Message
In conclusion, we would like to state that the titanium prosthesis (Eon Meditech Pvt. Ltd., India) is biocompatible, delicate and easy to handle. They have proven to be suitable implants for ossicular chain reconstruction and are efficient in transferring sound energy from the tympanic membrane to the oval window. Our early experience with this prosthesis has shown encouraging results.
